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(54) GEROTOR MECHANISM OF SCREW FACE HYDRAULIC MACHINE 

(57) Abstract 

FIELD: construction of holes. SUBSTANCE: 
invention specifically refers to gerotor 
mechanisms of screw face hydraulic machines 
drilling oil and gas wells. Gerotor 
mechanism includes stator with internal 
helical teeth and rotor with external 
helical teeth whose number is less by one 
than that of internal helical teeth of 
stator. Profile of teeth of stator in face 
section is made as envelope of starting 
contour of cydoidal rack of stator outlined 
by equidistant shortened cycloid and profile 
of teeth of rotor looks like envelope of 
another starting contour of cydoidal rack 
of rotor outlined by equidistant shortened 
cydoid by certain mathematical expressions. 
According to another version of 
implementation profile of teeth of rotor in 
face section is outlined by conjugate arcs 
of drdes. Profiles of spaces and 
protrusions of teeth of rotor are outlined 
by arcs of radii of which one is specified 
and profile of space of tooth of rotor is 
outlined by arc which radius is computed by 
presented mathematical expression. EFFECT: 
improved energy characteristics, increased 
wear resistance and prolonged service life 
of gerotor mechanism of screw face hydraulic 
machine. 4d,6 dwg 
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H3o6peieHne othocmtca k tbxhmkb 
. crpoMTenbCTBa cxBaacMH, a mmbhho - k 

repOfTOpHWM MQXaHM3MaM BMHTOBbDC 3a6OMHb0C 

ABwraTenefl Ann 6ypeHMn He^rrflHboc m ra308boc 

CKBa^MH, M MOQKBT 6bTTb MCn0J1b30B3H0 B 

BMHTOBbix Hacocax aha flo6bNM Hecjmi M 
nepeKaMHBaHMfl jkmakoctbm, a TawKe b bmhtobwx 
rMApoMOTopax o6mero Ha3HaMBHMH. 

I43B8Ctbh repoTopHbJM M6xaHM3M 
BHyTpeHHero 3ai^enn8Hnn (naTeHT CCCP N 
671463, ony6n. 07.09.93 r. , 5*on. N 33 - 
36), McnonbsyeMbivf b BUHTOBboc aaooflHboc 
ABuraTB/iHX. YKa3aHHwfi repoTODHbiM M6XaHH3M 

CpflepJKMT pOTOp C HapyXHWMM BMHTOBbIMM 
3y6bHMM M CTaTOp C BHyTpBHHMMM BMHTOBbIMM 

3y6b5iMM. Ocb poTopa CMBineHa OTHOCHTBJibHO 
ocm craTopa Ha BanMHMHy aKcqeHTpMCMTeTa. 
Pa3HML|a b MHcnax syobes craTopa m poTopa 
paBHa eflMHMi^e, a BbicoTa 3y6b6B paBHa 
yABoeHHOMy 3Kcq6HTpMCMTeTy. HpcxpHnn sy6b8B 
poTopa m craTopa b todljbbom cbmshmm, " 
nepneHAMKynflpHOM ocm M8xaHM3Ma, BwnonHBHbi 
b bhao orn6a)ou4MX o&nero mcxqahopo KOHrypa, 
KOTopwR npeflCTaBnweT * coooft skbmam cTaHry 

yKODOMBHHOM L|MKTIOMAbi. 3T0 n03B0nfl8T 

ynpocTMTb M3roT08Ji8HMe repoTopHoro 

M6XaHM3Ma, T3K K3K DOTODbl H CTaTOpbl C 

pa3HUMM HMcnaMM 3y6beB o6pa3yiOTCfl o6u;mm 

MCXQAHbIM KOHTypOM, M MX M3TOT0BnBHM6 

ocyu^ecTB/iniOT oahom cf)pe30M\ 

HeAOcraTKOM msbbcthoto repoTopHoro 

MBXaHM3M3 HBJlflBTCfl TO, MTO OH MMBBT 

orpaHMHBHHyio BBnMMMHy cMBmoHMft mcxoahoto 
KOHrypa pbmkm, mto hb no3Bonn8T ocyu^ecTB/iRTb 
KopperHpoBaHMo pa3M&pa MexaHM3Ma 

(M3MBHBHM8 AMaMBTDOB CTaTOpa M pOTOpa), MTO 
OrpaHMHM B38T T6XHMH8CKM8 (SHBprBTMHBCKMB) 

xapaiaepMCTMKM MexaHM3Ma. 

yK33aHHblfl HBAOCTaTOK MaCTMHHO ycrpaHBH B 
PBDOTOpHOM MBXaHMSMB BMHTOBOM 3a6oHHOfl 

mApoMauiMHbi (cm. HayMHo-TBXH mmbckm m tfypHaji 

"CTDOMTSnbCTBO HBCfcTflHbDC M ra3OBb0C CKBaXCMH 

Ha cyiua m Ha modb", M., BHMMOSHr, N 3-4 
1997 r., <rrp. 41. dmc. 2 m 3). 

rBpOTOpHbJM MOX3HH3M BMHTOBOM 3a6oMHOH 
rMApOMaUJHHbl CQABpMMT CTaTOp C BHyTpeHHMMM 
BMHTOBbIMM 3y6bflMM, BbinOJIHBHHblMM M3 

ynpyroanacTMHHoro MaTepMana, HanpMMsp M3 

DBSHHbl, MBTaJUlMHBCKMM DOTOp C HapyXCHbIMM 
BMHTOBbIMM SyObflMM, MMCJIO KOTOpbDC Ha BAMHMLTy 

MBHbiue MMcna 3y6beB craTopa. Bmhtobwb 3y6b* 
crraTOpa m poTopa Haxoflflrcn b HenpepbiBHOM 

KOHTaKTB MBJKAy COOofl. XoflbJ BMHTOBbDC HMHMft 

craTopa m poTopa nponopijMOHajibHbJ mx mmcjtqm 
3y6beB. Ocb poTopa cMeujeHa oTHOCMTonbHO ocm 
craTopa Ha BB/iMMMHy aKcqBHrpMCMTBTa, paBHyio 
nonoBMHe paAMajibHOM BbicoTbi syobee. 

npoqbM/m 3y6b6B crraTOpa m poTopa B 

TOpqBBOM C8H6HMM BbinOHHBHbl KELK OTMOaKXI^MB 

o&Aoro MGXQAHoro KOHTypa L|M kjiom AanbHOM 

DBMKM, OHBDHBHHOM 3KBHAMCTaHTOM yKODOMBHHOM 

LjMKnoMAbJ. npM 3TOM npoqbMfib 3y6a craTopa 
o6pa3y©TCfl npM ocicaTbiBaHMM 

MHCTpyMBHTanbHOM npHMOM DBMKM HO CTaBOHHOM 

HaManbHOM oKpy)KHOCTM CTaTopa, paAMyc 
KOTOpoH DaBBH Twi = rZ 1( 

tab r - paAMyc KaTRine^ca oKpy>KHOCTM npn 

06pa30BaHMM yKODOMBHHOM LJMKHOMAbj; 

Zt - MMcno 3y6b6B craTopa, 

CO CMBLA6HM6M pert KM Ha BBHMMMHy Ahv 

npoqbMnb 3y6a poTopa o6pa3y8Tcn npM 

OOKaTbJBaHMM MHCTpyMBHTailbHOVi npflMOfl TOM MB 
DBMKM no CTaHOMHOR HaManbHOM OKpyjKHOCTM 

poTopa, paAMyc kotopom paBBH = rZ 2 , 
tab Z 2 - MMcno 3y6beB poTopa, 



CO CMBU4BHM6M pGMKM Ha 
BBJTMMMHy ^=^1-^2, 

rflB a<j - AMaMBTparibHbiM Hamr MBxaHM3Ma. 

3TO n03BOJW6T yBBJlMMMTb HapyxcHbiA 

5 AMaMBTp poTopa aha coanaHMfl Hamra no 

PB3MHB C qa/lbJO yMBHbUJBHMfl yTBMBK Da60M6M 
JKMAKOCTM M CC3A3HMR 3anaca Ha M3HOC B 

pa6oMMx opraHax (craTope m porope) 
MBxaHM 3Ma , a Taxxce noaBOJiflOT ocyu^BCTB/WTb 
KoppBrn posaHM b qbopMbi 3y6b6B poTopa m 
10 crraTOpa. 

OAHaxo, icax noKa3ajta npaKTMKa, cyMMapnbiM 
AMaMBTpaxibHbiM Haw rBpoTopHono 
M8xaHH3Ma Ad pacnpBABJWBTCfl no 3y6b«M 

craTopa HBpaBHOMBpHO. B BunyKno-BunyicnoM 
15 KOHTaKTB Bwcryna 3y6a poTopa c BbicrynoM 
anacTMMHoro 3y6a craTopa npM bsabhh u R paAMyc 

KDMBM3Hbl npoqbMilBA 3HaMMT6JlbHO MBHbLUB, MBM 

b BbinyKno-BomyTOM KOHTaKTB Bbjcryna ay6a 
poTopa co BnaAMHOM 3y6a craTopa, b 
peayribTaTe mbpo AeqbopMai^Mfl Bwcryna ay6a 
20 CTaTOpa 3HaMMTBJibHo 6onbiue, MBM 
AsqbopMauMfl bto BnaAMHbi. 3ro 03HaMaoT, mto 

npOMCXOAMT CMBIH6HMB OCM pOTOpa 
OTHOCMTB/lbHO paCMBTHOTO nOJICOKBHMfl B CTODOHy 
yMBHbUJBHMfl MBXOCeBOrO paCCTOflHMfl 

MoxaHM3Ma (sKcqBHTpMCMTBTa poTopa). B 
25 po3yribTaTB stoto HapyiuaaTCfl pacMBTHa* 

KMHBMaTMKB PepOTOpHOTO M8XaHM3Ma, 

yBBflMMMBaBTCfl M3H0C no BBDUJMHaM 3y6bBB 

poTopa m craTopa, r^e, noMMMO noBbiuiBHHbDc 

KOHTaKTHbDC Harpy30K OT HaTflra, MMB6T MBCTO 
HaMCOJTbUJaSI CKOpOCTb CKOnWKBHMfl B CBH3M c 
MaKCM Man bHOM yAanOHHOCTblO 3TOM 30Hb! 

3ai^enneHM« or MmoBBHHoro LiBHTpa Bpau^BHMn 
poTopa (or nojiK)ca 3aqBn/ieHMn). 

KpOMB TOrO, yMBHbUJBHMB HaTflra B 3OH0 

no/iKX^a 3aL48nneHMfl repoTopHoro mbx3HM3M3 

35 npMBOAMT K yBBJlMMBHMIO O&bBMHblX yTBMBK 
JKMAKOCTM B 3TOM 30H8 M K COOTBBTCTByiOLL(6My 
CHM)KBHMK) 3H6pPBTMMBCKMX Xapa KTBpMCTM K 
BMHTOBOM rMApOMaUJMHbl. 

LtBJlbK) HaCTOflLABTO M306p8T6HM» HBJl«BTCfl 

ycrpaHBHMB yKa3aHHbDC HBAOcraTKOB msbbcthopo 
40 repoTopHoro MBxaHMSMa bmhtobom 3a6oMHOM 
mApoMaujMHbi, ynyMiUBHHB bto shbptbtmmbckmx 

XapaKTBpM CTM K, nOBblLUBHMG M3HOCOCTOMKOCTM M 
AOJirOBBMHOCTM 3a CM8T y/iyMLUBHMfl ynJIOTHBHMfl 
no KOHTaKTHbIM HMHMflM B 30HB nOJIWCa 
3ai4BnJTBHMfl M yMBHbUJBHMfl KOHTaKTHbDC 
45 Harpy30K B 30HO MaKCMManbHbDC CXOpOCTBM 
CKOnbXCBHMfl. 

nocraBjieHHafl saAana psiuaBTcn tbm, mto b 

M386CTHOM rBDOTOpHOM M6XaHM3M8 BMHTOBOM 
3a60MHOM rMAPOMailJMHbl, CQABp)KaiABM CTaTOp C 
BHyTDBHHMMM BMHTOBbIMM 3y6bflMH, 

BbinonHBHHbiMM M3 ynpynosxiacTMMHono 
MaTepMana, HanpMMep M3 pb3mhu, poTop c 

Hapy)KHblMM BMHTOBbIMM 3y6bflMM, MMCJIO 
KOTOpbDC Ha BAMHML^y MBHbLUB MM CXI a 3y6b6B 
CTaTOpa, n DM MBM XQAbl BMHTOBbDC TIMHMM CTaTODa 

55 m poTopa nponopqMOHanbHbi mx MMcnaM ay6bBB, 

OCb pOTOpa CMBUjBHa OTHOCHTeXlbHO OCM CTaTODa 

Ha BanMHMHy aKcqBmpMCMTBTa, paBHyio 

nOJIOBMHB paAManbHOA BblCOTW 3y6b6B, npO0MJIb 

3y6b6B CTaTopa b todmbbom cbmbhmm BbinonHBH 
KaK omoaiOLuaii mcxoahoto KOHrypa 

60 l4MKJtOMAaj1bHOM DeMKM, OMBpMBHHOM 

SKBMAMCTaHTOM yKOpOMOHHOM LlMKJIOMAbl C 

paAMycoM 3KBMAMCTaHTbi Rcii comacHo 
M3o6p6TBHMio, npoq^Mnb 3y6beB poTopa B 

TOpLJBBOM CBMBHMM BbinOflHBH K3K OTMOaKUl^afl 

Apyroro mcxgahopo KOHTypa 14M KnoMAan bHofl 

peMKM, OMBpMBHHOM SKBMAMCTaHTOM yKODOMBHHOM 
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IJMKJIOMAbl, OnMCaHHOM Bbipa)KBHHHMH 

Xp2= r^siny+RcaCOSop, 
Yp2= -r+Ecosy+Rc23irkXp, 
Op= arctgHr-Ecos^/Esirv), 
me Xp2, Yp2 - KDopAMHaTw npo<t>MJt5i pen KM 
poTopa; 

r - paAMyc KaTHU^eMCfl <wpywHocrn; 

E - paAMyc oCpaayiou^eM OKpyjKHOCTM, 

paBHHM B6J"IHMMH6 3KCL|BHrpMCMT6T3i 

Rc2 - paAMyc 3KBMAMcraHTbi peMXM poTopa; 
\|/ - TexytuMM ymoBOfl napaMeTp limkjiomaw; 
Op - npocfeMJibHbjfl yroji peftKM, 
a paAMyc 3KBMAMCTaHTU peflKM poTopa 
BwnonHeH 6onbUje paAMyca 3KBMAMCTaHTbi 

R ci peflxu craTopa. 

Bbino/iHeHMe npoqbM/w 3y6beB poTopa b 
TopqeBOM ceneHMM khk orwoaiotnefi Apyroro 
McxoAHoro Komypa ^KnoMAanbHOM pen km c 
yBennM8HHbiM paAnycoM axBHAMcraHTbi Rc2 no 
cpaBHeHMK) c paAHycoM 3KBMAMcraHTW 
i^MKnoMAanbHofl peMKM craTopa Rci no3BOJweT 
o6ecneHMTb yBennMeHno paAMyca Bwcryna 3y6a 
poTopa m nonyHHTb b 3auenneHMM cokobom 
Haw, 3a cmbt kotoooto y/iymuaeTCfl 
ynno-meHne pacoMMX KaMep bmhtobom" 
rviflpoMaiiJMHbi b 30He nonioca 3aLjenneHHfl, r^e 
npoMcxQAMT paafle/ieHMe nonocreM bwcokoto m 

HM3K0TO AaBfieHUfl, nOBblliiaiOTCfl 

3HepreTMMeCKM6 xapaKTepMCTMKM repOTOpHoro 

M6XaHM3Ma. 

ApyniM OTnuMMeM repoTopHoro MexaHW3Ma 

RB/l«8TCfl TO, MTO paAMyc 3KBMAMCTaHTW peMKM 

poTopa Rc2 m paAMyc 3KBMAMcraHTbi pert km 
craTopa Rqi CBH3aHw coothouibhmbm: 
Rc2-Rci=(0,1-0,5)E. 

npM BbinonHBHMM yKaaaHHOTO COOTHOlUeHMfl , 

o6ecneHMBaeTCJi nonyneHMe ookoboto HaTflra b 
onTMManbHbix npeAenax. 

ripM Rc2 - Rd < 0,1E 3<M)eKT yBBJlMHeHMfl 

6oKOBoro HaTnra H03HaHMToneH| ecxiM R C2 - 
Rd > 0.5E, to ookobom Haw craHOBMTCfl 

Mpe3MepHblM, MTO npMBOAMT K CHMWeHMK) 

3HeprBTMMBCKMX xapaKTepMCTMK repoTopHoro 
M6xaHM3Ma B peaynbTaTe yBenHseHMH 
MeXaHMMBCKMX noTepb npM AoqbopMMpoBaHMM 
snacTMMHbix 3y6bGB craTopa. 

riocraBneHHafl saAana petuaeTcs TaiOKe tsm 
Bapnam-OM, npM KOTOpOM b H3bbcthom 
repoTopHOM MexaHM3MO BMHTOBOM SaOOMHOM* 
mApoMauiMHbi, cpAep)Kaii;eM craTop c 

BHyTpBHHMMM BMHTOBWMM 3y6bflMM, 

Bbino/iH6HHbiMM M3 ynpyroanacTMMHoro 
MaTepwarta, HanpMMep ms peaMHw, poTop c 

HapyXCHblMH BMHTOBWMM 3y6bflMM, MMCJIO 

KOTopbix Ha eAMHMi^y MBHbUje HMcna 3y6bes 
craTopa, npnneM xoaw bhhtobwx nMHuR craTopa 
m poTopa nponopqMOHa/ibHbi mx MMcnaM 3y6b6B, 
ocb poTopa cMeinBHa othocmtb/i bHO ocm craTopa 

Ha BGJlMHMHy SKCL^eHTpM CM TGT3 , paBHytO 

nonoBMHB paAManbHoA bwcotu 3y5beB, npo4>nnb 
sy6beB craTopa b TopqeBOM cbmbhmm BbinonHBH 

K3K OTMDaKX^afl MCXQAHOPO KOHTypa 
LJMKJlOMAaJlbHOM peMKM, OHepM6HHOA 

3KBH AM CTaHTOH yKOpOMOHHOM L^MKJIOMAbi C 

paAMycoM skb m AMcraHTbi Rqi, cor/iacHo 
M3o6peT6HMto, npoqbM/ib 3y6beB poTopa b 

TOPMBBOM COMBHMH OMepMBH COnpSCKGHHblMM 

AyraMM oKpy>KHOCTefl, npo$Mnb Bwcryna 3y6a 
poTopa OMepneH AyroM paAMyca Re, a npocfwrib 
BnaAMHbj 3y6a poTopa onepMBH Ayrofl paAMyca 
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me Dp - napy)KHwfl ambmbtp poropa no 
BbicrynaM 3y6bea, 

npMMBM paAMyc Bbtcryna 3y6a poropa 

Rb BbinonHBH 6onbUJe paAMyca SKBMAMCTaHTW 
pen km craTopa R^. 

BbinonHeHMO npoq^Mnn 3y6beB poropa b 

TOpi^BBOM OBHBHMH OMBpMBHHblM COnpSVKBHHblMH 

AyraMM OKpyxcHocreA, npMHBM npo4)Mnb Bwcryna 
3y6a poTopa OHepneH Ayrofl paAMyca Rb, 
npoct>Mnb BnaAMHbi 3y6a poTopa ombpmbh Ayrofl 
paAMyca R*. a paAMyc Rb BbinonHeH oonbuwM no 

CpaBHBHMIO C DaAMyCOM dKBHAHCraHTbl 

i^MicnoMAanbHOM peflKM craTopa Rci, no3BonflBT 
o6ecneMMTb ysenMMeHMe paAMyca Bbicryna sy6a 
poropa h nonyMMTb b 3aL^enneHMM ookoboA 
HaTJir, 3a cmbt kotodoto ynyMLuaeTCJi 
ynnoTHeHHe paooMux KaMep bmhtobom 
mApoMaujMHbi b 30hb noxiKx^a 3ai^enneHMfl, tab 
npoMcxoAMT pasAerteHMe nonocreA bucokdpo m 

HM3KOTO ABBHBHMM, nOBb!UJaK)TCM 

3HepreTMHecKMe xapaicrepMCTHKM reporopHoro 



KpoMe to no, BbinonHeHMe npoq^M/vi BnaAMHbi 
3y6a poropa oMepMBHHbiM Ayron paAMyca 

Ry nO3B0Jl«6T yBBJlMHMTb OOKOBOR HaTflr M B 

tom 4xa 3e 3aL^enneHMSi, Koroa Bbicryn 3y6a 
crraTopa KOHTaKTMpyeT co BnaAMHofl 3y6a 
poTopa, MTO cnocoCcTByeT AononHMTenbHOMy 
yruioTHeHMio paooMMX KaMep neporopHoro 

MBXaHM3Ma. 

Euje qahmm othmmmbm repoTopHoro 
MexaHMSMa HB/iflBTcn to, mto paAMyc Bbicryna 
ay6a poTopa Rb m paAMyc 3kb mam craHTbi 
pefiKM Rqi craTopa cBraanbi cooTHOUjeHMeM 

Rb-Rci=(0,1-0,5)E. 

npM BbinOJlKeHMM yKa3aHHOTO COOTHOUJeHMfl 

ooecneMMBaercM norryMeHMe 6oKOBoro Hamra b 
onTMManbHbix npeAenax. 

npM Rb - Rci < 0.1E aqbqbexT yBenMMeHMn 
6oxo8oro Harnra He3HaMMreneH; ecxiM Rb - 
Rci > 0,5E, to 6okobom Haw craHOBMTCfl 

Mpe3MeDHblM, MTO npMBOAMT K CHMJKBHMIO 

3HeprBTMM6CKMX xapaKTepMCTMK repoTopHoro 
MexaHMSMa b pesynbTaTe yBenMMeHMfl 
Mexa h m necKMX noTepb npM AeqbopMMpoBaHMM 
anacTMMHbix 3y6beB craTopa. 

Ha o>Mr. 1 noKaaaH o6lamR bma reporopHoro 
MexaHM3Ma bmhtobom 3a6oflHoti niAPOMauj m hu b 
npoAonbHOM pa3pe3e; 

Ha o>mf. 2 npMBOAeHO nonepesHoe ceneHne 
repoTopHoro MexaHM3Ma no /iuhhh A-A; 

Ha qbMr. 3 noKa3aHo o6pa30saHMe npoqbMnn 
craTopa reporopHoro MexaHM3Ma or McxoAHoro 
KOHTypa LjMKnoMAanbHOH" peMKM c paAMycoM 

3KBMAMCraHTbl Rci; 

Ha 4>Mr. 4 noK33aHo o6pa308aHMe npoqbMnn 
poropa repoTopHoro MexaHMSMa ot mcxoahopo 
KOHTypa L^MKnoMAanbHOM peMKM c paAMycoM 

3KBMAMCraHTbl Rqz', 

Ha $Mr. 5 noKaaana nacTb nonepeMHoro 
ceneHMfl repoTopHoro MexaHM3Ma no nMHMM A-A 
b yBenMMBHHOM MacujTaoe; 

Ha 4) mt. 6 noK33aH BapnaHT poropa 
repoTopHoro MBxaHM3Ma bmhtoboA 
rMApoMaujMHbi, npoqbnnb ay6beB KOToporo 
o6pa30BaH AyraMM OKpy)KHOCTM. 

repOTOpHbIM MBXaHM3M BMHTOBOM 3a6oMH0M 

n/iApoMaujMHbi (cfmr. 1, 2) coflep^MT craTop 1 c 

BHyrpeHHMMM BMHTOBWMM 3y6bHMM 2, DOTOp 3 C 
HapyJKHUMM BMHTOBWMM 3y6bflMM 4, MMCHO 



o 

CO 

CD 
CD 
CD 



KDTopwx Ha eAviHMny mghwijo MMcna BHyTpeHHwx 
BMHTOBba 3y6beB 2 craTopa 1. BHyrpeHHMe 
BMHTOBbie 3y6bfl 2 craTopa 1 BwnonHeHw M3 
ynpyroanacTMHHoro MaTepwana, nanpMMep H3 
P83MHW, npnBynicaHM3OBaHH0« k BHyrpeHHefl 
noBepxHocTM craTopa Z Ocb Oi- Oi craTopa 1 
CMeujeHa OTHocMTGnbHO ocm CV O2 pOTopa 3 
Ha BGJiMMMHy 3Ka^eHTpMCMTeTa E, paBHyto 
nonoBHHe paAManbHOM BwcoTbj h 3y6bes 2 M 4. 
Pa6oNan LjeHTpoMAa (HaManbHan oKpyjKHOcrb) 
craTopa 1 paOMycoM a = EZ1 KacaeTca paooHert 
i46HTpOMAbi (KaManbHoA OKpy)KHOCTM) poTopa 3 
paAMycoM b = EZ2 b noxuoce 3ai^efUT8HMfl P 

($Mr. 2). XQObl BMHTOBbDC J1MHMH Ti H T2 3y6bGB 

2 M 4 COOTB8TCTB6HHO CTaTopa 1 m poTopa 3 
nponopHHOHanbHbi mx MMcnaM ay6bes ~L\ m 

z 2((})Mr. 1). 

hpcxfcMnb 3y6bea 2 craTopa 1 b TopijeBOM 
cgmghmm (cfcMr. 2, 3) BbinonHGH xax orn6a»ou^an 
MCXQAHoro KOKTypa L(MKnoMAanbHoA pew km 5 
craTopa 1, oMepMeHHort 3kb mam craHTort 
yKopoHGHHoH 4MKnoMAbi 6; npoo>mb 
i4MKnoviAanbHofl peMKM 5 craTopa 1 onncwBaeTCfl 

BbipatteHMHMM 

Xpi= ry-Esiny+RdCosctp, 

Y p1 = -r+Ecos^+Rcisinotp, 

otp= ajctg((r-Ecos v )/Esir»y), 

tag XpL Y p1 - KoopflMHaTbi npoqbMna pertKH 
craTopa; 

r - paAMyc icaTmijertcfl OKpyxcHOCTM; 

E - pa^yc ofyaayttuieft oxpyKHOCTM, 
paBHbifi bgtimmmhg 3KcqeHTpticMTeTa; 

Rci - paA^yc SKBMAHCTaHTbi peflKM craropa; 

\|/ - Teicyuyirt ymosoM napaMGTp mnoionAw; 

Op - npcxJwuibHbiM yron pertKM. 

npocfm/ib 3y6bea 2 craTopa 1 o6paayeTC5i 

npM KBHGHMH M HCTpy MeHTaJIbHO M npflMOM 7 

mgxoahoto KOHTypa LjMKnoMAanbHort pew km 5 
craTopa 1 no MHCTpyMeHTa/ibHoft OKpyatHOCTM 8 
craTopa 1, paAMyc KOToport paBGH r w1 = rZ 1f oo 
cmgujghmgm McxoAHoro KOHTypa ijuicnoHAanbHofl 
peMKM 5 Ha BGJiMMMHy Ahi Ann BbinonHGHM* 
AMaMGTpa Dk craTopa 1 no BnaAMHaM 3y6beB 2 

paBHbIM 

Dk= 2(r(Z r 1)+E+R c1 +Ah 1 ). 
TopueawM npo4>HJib 3y6beB craTopa 
onMCbiBaeTcn BbipajKGHMflMH: 

Xi= (Xp^r^+AhiJcosOiKYp^rwi^JsIn^, 
Yi= (Xp^rwn+Ah^siri^^pi+rwnOOcosO!, 
<1>1= (YpiKXpi+Ah^ctgctp)/^, 
rAe <d 1 - yron noBopora craTopa 1 npn 

KOHTaXTO C TOMKOM MCXQAHOTO KOHTypa 
I4M KnOM ABJIbHOM DGMKM 5, MMeKXljert TeKyU^lfl 

ymosoM napaMGTp \y. 

ripoqbMnb 3y6b6B 4 poTopa 3 b topl^gbom 
cgmghmm (4>Mr. 2, 4) BbinonHGH K3K orwoaKxnan 
Apyroro mgxoahoto Komypa LiMicnoMAanbHort 

pGMKM 9 pOTOpa 3, OMGpHGHHOM SKBMAMCTaHTOM 
yKOpOMGHHOA L^MKTIOMAbi 6; npoq^MJib 
14M xnoM nan bHOM peMKM 9 pOTopa onuctiBaeTCfl 

Bbipa}K6HMPMM: 

Xp2= rv|^Esin\j^R(acosap, 
Y P 2= -r+Ecosy+Rc2sinap, 
Op= arctgffr-Ecosxi/VEsinij/), 
tag Xp2, Yp2 - KoopAMHaTbJ npoqbMnn peMKM 
poTopa; 

r - paAMyc KaTHLneMCfl oKpyxcHOCTM; 

E - paAMyc o6pa3y»ctnert oxpywHOCTM, 

paBHblA BGnMMMHG 3KCL|8HTpMCMTGTa; 

Rc2 - paAMyc 3KBMAMCTaHTbi peflKM poTopa; 



\\t - TeKyiAMM yrnosoM napaMGTp ijMKnoMAbi; 
Op - npoq*)MTrbHbiM yron peMKM. 

OmMMMTGJlbHOfi OCOOGHHOCTbK) peMKM 9 

poTopa 3 ot pert km 5 craTopa 1 flanae-rcn 

5 BGXIMMMHa paAMyca 3KBMAMCTaHTbJ Rc2, KOTOpblM 

BbinonHGH 6onbUJMM, mgm paAMyc SKBHAMcraHTbi 
dgmkm craTopa Rci. 

OrrmManbHbiM flBnnGTcn BbinonHGH mg 
COOTHOUJGHMn R c2 - R ci = (0,1 - 0,5)E. 
npa})M/ib 3y6bGB 4 pcrropa 3 o6pa3yoTCfl now 
10 KaHGHMM MHcrpyMGHTanbHofl npflMoii 10 

mgxoahoto KOHTypa HMKnOMAanbHOM DGMKM 9 

poTopa 3 no MHcrpyMGHTanbHofl oxpy)KHOCTM 1 1 
poTopa 3, paAMyc kotodom paBGH = rZ 2 , oo 

CMGU^GHMGM MGXOAHOTO KOHTypa HMKnOMflanbHOM 

75 pertKM 9 Ha BenMMMHy Ah2 Ann BbtnonHGHMn 
AMaMGTpa Dp poTopa 3 no BbicrynaM 3y6bGB 4 

DaBHblM 

D p = 2(r(Z2-1)+E+Rc2+Ah2). 
Topi^eBOM npoqbM/ib sy6bGB poropa 
onMCbiBaeTcn Bwpa>KeHMflMM 

X 2 = (X p2 +r v ^+Ah 2 )cos<i) 2 KY p 2+r ¥ ^)sjn(l)2, 
Y 2 = (X P 2+r W 2 + Ar^siri0 2 ^p2+r W 2<D2)co^ 
<I>2 = ( Y p2"(Xp2 + Ah2)ctgotp)/r W 2. 
rAe <&2 - yron nosopcra poropa 3 npn 

25 KOHTaKTO C TOHKOfl MGXOAHOTO KOHTypa 

LjMKnoMAanbHoR dgmkm 9, MMexou^eM TeKyiAMM 
ymoBofl napaMGTp y. 

BbinonHGHMG npoo>MnGM 3y6bGB 2 craTopa 1 
m 3y6bGB 4 poropa 3 ot paaHbix MCXOAHboc 

KOHTypOB HMKJlOMAanbHbOC DGGK 5 M 9, 

30 om MMaioiAMXcn bguhmmhoA paflMycoB 

SKBMAMCTaHTbl Rc«| M Rc2, no3BonnGT BbinonHMTb 
Bbicryn 3y6a 4 poropa 3 6onee nonHbiM, hgm 
npo<t>Hnb BnaAMHbi ay6a 2 craTopa 1, aa cmgt 
Hero oOGonoHM BaGTcn Hamr A^ K no 6oxoBbiM 

35 CTopoHaM npoq^MneM (0Mr. 5), a hg b 

AMaMGTDanbHOM MSMGDGHMM. npM 3TOM 
M3M6H6HMO MGXCOCGBOTO paCCTOflHMfl M6XaHM3Ma 

yMGHbiuaGTcn, ynyniuaGTcn ynnoTHGHMG ero 
pa6oHMX KaMep, a HaMDonbUJMfl Hamr 
peanM3yeTCfl b 30hg noxtioca 3ai4enneHMn P, tag 

40 CKOpOCTM CKOnhOKGHMn 3y6bGB 4 poTopa 3 M 
3y6bGB 2 craTopa 1 MMHMManbHbi. Taicoft >kg 
DGaynbTaT ACCTMraeTCfl b sapMaHTG repoTOpHoro 

MGXaHM3Ma BMKTOBOM 3a60MHO^ rMAPOMaUJMHbl 

(<t>Mr. 1, 2), nonepoHHoe cgmghmg poTopa 
KOToporo npGAcraBnGHO Ha o>ir. 6. BapMam* 
45 npGAycMaTpMBaGT BbinonHGHMG npoo>Mnn 3y6bGB 
2 CTaTopa 1 ot mgxoahoto KOHTypa 
LtMKnoMAa/ibHofl pert km 5 (o>Mr. 3), onMCbiBaeMort 

BbipaJKGHMRMM 

Xpi = r^Esin^Rcicosap, 
50 Y p1 = -T+Ecosx^RdSinop, 

ap= arctg((r-Ecos\j/)/Esinvj/), 

HAG Xpi, Y p i - KoopAMHaTbi npo<t)Mnn dgmkm 
craTopa; 

r - paAMyc KamiAeMCfl OKpy)KHOCTM; 
55 E - paAMyc o6pa3yjoiAert 0Kpy>KHocTM, 

paBHbIM BGnMMMHG dKCL^GHTpMCMTGTa \ 

Rci - paAMyc aKBMAMcraHTbi peMKM craTopa; 
Y - TGxyiAMrt yrnoBort napaMGTp uMKnoMAu; 
Op - npoqbHnbHbirt yron pertKM, 

npM KaHGHMM MHCTpyMGHTanbHOrt npHMOM 7 

mgxoahoto Komypa L^MKnoMAanbHort pert KM 5 
CTaTopa 1 no MHCTpyMGHTanbHOrt OKpy?KHOCTM 8 
craTopa 1, paAMyc kotodom paBGH r w1 = rZ 1p co 

CMG1AGHMGM MGXOAHOTO KOHTypa LJMKnOMAanbHOM 

pertKM 5 Ha BenMMMHy Ahi Ann BwnonHGHMn 
AMaMGTpa D K craTopa 1 no BnaAMHaM 3y6bGB 2 



paBHbIM 

D K =2(r<Z 1 -1)+E+R c1 +Ah 1 ). 

npo4)MJTb 3y6bGB 4 pcrropa 3 (qbHr. 6) 
wepseH conpjDKeHHbiMM flyraMM oKpywHocren. 
Bwcryn 3y6a 4 pcrropa 3 OHepseH ayron paAMyca 
Rq, bqjihmmko KOToporo fcbnbiue paAMyca 
3KBMAMCTaHTw pen km craTopa Rci, a Ljemp 

° B AyrM Rb KaxoAMTCfl Ha paccTORHUM (D p/2 
- Rq) ot ocm O2 poTopa 3. BraAMHa sy6a 4 
poTopa 3 OMepneHa Ayron paAMyca 

dV*-I> R *D /Z-ZE-ECD /2-B ><» /Z-UDconl/Z 

P P ■ P P » P 

v 2( (B b -B^/2*ZK)>( D^/2-I)^>oosl/Z z > 

ijemp KOTopon Oy HaxoAMTca Ha paccroflHMM 
((Dp/2 - 2E) - Re) ot ocm O2 poTopa 3 n nexoiT 
Ha paAnyce, nosepHyTOM othocm Ten bHo ecu 
BbtcTyna 3y6a Ha yron 180°/Z 2 . 

OffiM MaJlbHblM HBJWeTCfl BbinOJIHBHVIO 

cooTHOUjeHMfl Rb - Rci = (0,1 - 0,5)E. 

repOTOOHWM M6XaHM3M BMHTOBOM* 3aOOHHOM 

rMApoMauikiHbi paocraeT cneflywmuM o6pa30M. 

IlpH MCnOJlb30BaHMM repOTOOHOTO MexaHM3Ma 
B BMHTOBOM 3a6oMHOM ABMPaTB/IO npOMblBOMHa* 
JKMAKDCTb npflaOTCfl B BepXHKNO HaCTb 

repoTopHoro MexannsMa no KonoHHe 6ypnnbHboc 
Tpy6 (Ha <£ur. He noKa3aHbi). riofl a©^ctbm6m 

H0ypaBH0B6LU6HHOr0 AaBJieHMfl npOMblBOHHOfl 

>kmakoctm pcrrop 3 coBepwaeT nnaHeTapHoe 

ABMXCGHMe BHyTDM CTaTOpa 1, OOKaTblBaACb 
CBOMMM Hapy3KHbtMH BHHTOBbIMM 3y6bflMM 4 no 
BHyTpBHHHM BHHTOBbIM 3y6bflM 2 CTaTOOa 1 

(qbvir. 1, 2). ripu 3T0M ocb 0 2 poTopa 3 
coBepujaeT BpaineHMe oTHocMTenbHO ocm 

° 1 craTopa 1 no OKpyxMOCTU paAMyca E nporviB 
sacoBOM crpenKM, a caM poTop 3 
noBopaMMBaeTCf) othocm Ten bHo cBoen ocm 

^ 2 no MacoBOM crpenKe. KnHeMaTMHecKM 

ABMXCBHMa DOTODa 3 OTHOCMTOJlbHO CTaTopa 1 

moxho npeAcraBMTb KaneHMeM 6e3 cKonhOKeHMH 
L^eHTpOMAbi poTopa 3 paAMycoM b = EZ 2 no 
L^empoMAe craTopa 1 paAMycoM a = EZ 1 c 
MmoBeHHbiM qeHTpoM Bpau^eHMfl poTopa 3, 

HaXOflflLUMMCfl B TOM KB KacaHMfl LjeHTpOHfl 

(nonioce 3aqenneHMn) P. B 3one nonnDca 
3ai4enneHMH P noKaxiMsoBaHbi KDHTaxTHbie nnHnn 
(nnomaAKM), pa3Aenniou^ie nonocTM BbicoKoro m 

HM3KOTO AaBJieHMfl, TO3TOMy OOKOBOfi Haw, 

c63AaBaeMbiM b repoTopnoM mox3hm3M9 
comacHO HacTo^meMy h3o6dotbhm k>, 
o6ecnoHMBaoT HaAe>KHoe ynnoTHeHMe nonocTefl 

BblCOKOTO AaBHBHMfl, HTO CnOCOCCTByBT 
CHMWOHMK) yTGMGK )KMAKOCTM M nOSblLUeHHK) 

SHeprBTMMecKMX xapaKTepMCTMK 3a6oflHoro 
ABMraTeiin (KTlfl, MomHOCTb), hto noflTBep^eno 
creHflOBbiMM m cnbrra hm swm . B pe3ynbTaTe TOTO, 
hto yMGHbiuaeTCfl msmbhbhmb swcqeHTpHCMTeTa 
poTopa 3, o6ycnoBJieHHoe AMaMeTpanbHbiM 
HaTflnoM, o6ecneHMBaeTCfl yMOHbuiSHMB 

KOHTaKTHblX Harpy30K B 30H9 MaKCMManbHbDC 

CKopocTBA cKonwKeHMfl 3y6b6B 4 poTopa 3 no 
3y6b«M 2 craTopa 1 m cooTBeTCTByioinee 

nOBblLUeHHe AOnnOBBMHOCTM M M3HOCOCTOMKOCTM 

repoTopHoro MexaHMSMa. nnaneTapHoe 
Bpau^eHMe poTopa 3 nepeAaeTca Ha Ban 
onopHoro yana h CB«3aHHbifl c hum 
nopoAopaapyuiajcujMM* MHcrpyMBHT (Ha o>nr. He 
noxa3aHbj). 

npM MCnOJlb30BaHMM repoTopHoro M6XaHM3Ma 
B BMHTOBblX HaCOCaX OOTOp 3 npMBQAMTCfl BO 

BpaiAeHMe M t o6KaTWBa«cb no 3y6b*M 2 CTaTopa 
1, npeo6pa3yeT MexaHMHecicyio shbotmio 



BpaineHwn b TOApaBnuMecKyK) aHepmro noTOKa 

)KMAKOCTM. KMHBMaTVlKa ABMJKeHMfl DOTODa 3 

BMHTOBoro Hacoca m npenMymecTBa, 
nojiysaeMbie npn Mcnojib30&aHMM 

npeAnoxceHHoro repoTopnono MexaHM3Ma t 
5 aHanorMMHbi onwcaHHbiM Bbiiue nnn bhhtoboto 
ABMraTenn. 

OopMyjia M3o6peTeHM«: 

1. repOTODHblM MexaHM3M BMHTOBOM 

3a6oflHofl ruApoMaiiiMHW, coAepxcaiMMA craTop c 

10 BHyTpeHHMMH BHHTOBbIMM 3y6bflMM, 

BbjnojiHeHHbiMM M3 ynpyroanacTMMHoro 
MaTepHana, HanpuMep M3 pe3MHbi, porop c 

HapyJKHbIMM BHHTOBbIMM 3y6bHMM, MMCJTO 

KOTopbix Ha eAMHML(y MBHbLue MMcna 3y6beB 
craTopa, npvmeM xoaw BMHTOBbix jihhmm craTopa 
15 m poTopa nponopMMOHajibHbi mx MMcnaM ay6beB, 
ocb poTopa cMeu^ena OTHOCMTenbHO ecu craTopa 
Ha BeiiMHMHy 3KCLi6HTpMCMTeTa, paBHyio 
no/ioBMHe paAManbHofl BbtcoTU 3y6beB, npocfwinb 
3y6beB craTopa b TopqeBOM ceseHMM BbinonHeH 
Kax orviDatou^ hcxoahoto KOHrypa 
14M KnoHAaxibHOH pen km, OMepneHHOM 

3KBMAMCTaHTOM yKOpOM8HHOfl L^MIOIOMAbl C 

paAMycoM 3XBMAMcraHTbi Rci, ornMsaiOLHMftcn 
tbm, hto npo0Mnb syobes poTopa b todl^bbom 

C8M6HMM BbinOJIHeH KBK OrMOaK3U|afl ApyTOTO 

25 hcxoahoto KOHTypa L^MKnoMAanbHoA peHKM, 

OMBpHBHHOfl SKBMAMCTaHTOfl yKDpOMBHHOfl 
L^MKnOHAbl, CflMCaHHOM BbJ P3JK6H MflMM 

Xp2 = r\jrEsin\y+Rc2C03ap, 
Yp2 - -r+Ecos\|/+Rc23irvxpi 
3Q ctp = arctg((r-Ecos\y)/Esin\y), 

me Xp2, Y p2 - KOOpAMHaTbi npcxpunn db^km 
poTopa; 

r - paAMyc KaT^meMCfl OKpy)KHOCTM; 

E - paAMyc o6pa3y>oineM OKpyKHOCTM, 
paBHbirt BenMMMHe aKCL^BHTpMCMTeTa; 
35 Rc2 - paAMyc aKBHAMcraHTbi pbmkm poTopa; 

\\f - Texyu^MM yrnoBOM napaMBTp mmioioman; 

op - npoc()MJibHbin yron pert km, 

a paAMyc SKBMAMcraHTbi Rc2 peflKM poropa 
BbinonHeH oonbLue paAMyca 3KBMAMcraHTb) 

40 r 

^ C1 peMKM craTopa. 

Z repoTopHWM M©xaHM3M no n.1, 

OTnMMaKHMMMCfl TBM, HTO DaAMyC SKBHAMCTaHTbl 

pen km poropa Rc2 * paAMyc aKBHAMcraHTbi 
pbmkm craTopa Rqa CBflsaHbi cooTHoiueHMeM 
45 R C2 = R C1 + (0,1 - 0,5)E. 

3. repOTODHblM MBXaHM3M BHHTOBOA 

3a6oMHOM rMApoMaujMHbi, cpAepoKaiAMR craTop c 

BHyTpeHHMMH BHHTOBbIMM 3y6bflMM, 

BbinonHBHHbiMM M3 ynpyro3nacTMHHoro 
MaTepnana, HanpMMep M3 pe3MHbi, poTop c 

HapyKHbIMM BHHTOBbIMM 3y6bflMM, HMCJIO 

KOTopbix Ha eAHHMLiy MeHbLue HMcna 3y6beB 

CTaTOpa, npMHBM XQAW BMHTOBblX nMHHM CTaTopa 

m poTopa nponopuMOHanbHbi mx HMcnaM 3y6b©B, 
ocb poTopa CMeineHa OTHOCMTenbHO ocm crraTopa 
55 Ha BenHHMHy sKcqeHTpHCMTeTa, paBHyio 
nonosMHe paAManbHOM BbicoTbi 3y6beB, npoqbunb 
3y6beB crraTopa b TopqeBOM ceneHMM BbinonHeH 
Kax orM6ajoinan hcxoahoto KOHrypa 
L^MKnoMAanbHoR pef^KM, OHepneHHoH 

SKBMAMCTaHTOM yKOpOM6HHOM L^MIOIOMAbl C 
60 DaAMyCOM 3KBMAMCTaHTbl Rci, OTnMHaK)lAMHC« 

TeM, hto npoQbMnb 3y6bBB poropa b TopqeBOM 
ceneHMM onepneH conp»KeHHbiMM AyraMM 
OKpy)KHocTeH , npMHeM npoqbMnb Bbicryna 3y6a 
poTopa oHepneH Ayron paAMyca Rb, npocfmnb 
BnaAMHW 3y6a poTopa OHepneH flyron paAMyca: 



b = -» 5 2 2 

rne Dp - HapyxHbifi AnaM©Tp poTopa no 
BbicrynaM 3y6beB; 

Z 2 - mmcjio 3y6beB poTopa; 

E - OKCHeHTpMCMTGT, 

a paAnyc Rq Ayrn Bucryna 3y6a poTopa 



Bbino/iHeH 6onbLue paAnyca aKBMAMcraHTbi 
^ C1 pen km craTopa. 

4. repOTOpHblfi M8XaHM3M no n.3, 

OTJumaxmiMftca TeM, HTO paflnyc R b Aym 
Bbicryna 3y6a poropa m paAuyc sxBHAMCTaHTw 
peviKM Rci craTopa csroaHbi cooTHoujeHweM 
Rb=Rci+(0,1-0,5)E. 
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